Introduction {#sec1-2058460120946719}
============

Sinus histiocytosis with massive lymphadenopathy, formerly described by Rosai and Dorfman as a benign clinicopathologic entity, is characterized by painless cervical lymphadenopathy and histiocytic proliferation ([@bibr1-2058460120946719]). Rosai-Dorfman disease (RDD) is exceedingly rare, with a reported prevalence of 1:200,000, more often encountered in children and young adults. Males as well as persons of African ancestry are more frequently affected by the disease ([@bibr2-2058460120946719]). Although the precise etiology remains unclear, the disease is believed to be a consequence of an abnormal immune response to certain viral agents, possibly Epstein--Barr virus (EBV), resulting in proliferation of sinusoidal histiocytes, thus manifesting with lymphadenopathy ([@bibr1-2058460120946719]). Though most patients (83%--95%) present with cervical lymphadenopathy, extra-nodal disease involving various sites such as the central nervous system, nasal cavity, orbit, and bones is known to occur ([@bibr3-2058460120946719]). Extra-nodal involvement has been reported in up to 43% of patients with RDD and is associated with a poorer prognosis than patients with nodal disease alone ([@bibr3-2058460120946719]). The diagnosis of RDD on imaging is challenging due to its rarity of occurrence and wide variety of imaging findings ([@bibr4-2058460120946719]).

The aim of the present study was to elucidate the gamut of imaging manifestations of RDD using a multimodality approach in order to provide a better understanding of this entity and its varied presentations in clinical practice. To the best of our knowledge, this is one of the largest retrospective single-center studies performed in patients with RDD, with an emphasis on the role of imaging in disease diagnosis.

Material and Methods {#sec2-2058460120946719}
====================

Between January 2004 and March 2016, the electronic medical records at our institution were searched and 19 patients with pathologically proven RDD were selected. Inclusion criteria consisted of a pathologically confirmed diagnosis of RDD with radiologically demonstrable disease and adequate clinical details. We evaluated the available radiologic investigations of the 19 patients, which included magnetic resonance imaging (MRI), computed tomography (CT), fluorodeoxyglucose (FDG)-positron emission tomography (PET) CT, mammography, and ultrasonography. Moreover, we tried to identify certain imaging features that would enable clinicians and radiologists to differentiate this condition from its mimics. Patient demographics and clinical presentation were also reviewed. Informed consent was obtained for patient imaging. We performed a retrospective review of the patients' medical records and images.

Results {#sec3-2058460120946719}
=======

Clinical details {#sec4-2058460120946719}
----------------

Nineteen patients (16 males, 3 females; M:F = 5:1; age range = 13--60 years; mean age at diagnosis = 35 years) were identified with a pathologically proven diagnosis of RDD. Their clinical details are summarized in [Table 1](#table1-2058460120946719){ref-type="table"}. The most common presenting symptom was neck swelling (n = 9, 47%) followed by nasal obstruction (n = 5, 26%).

###### 

Demographics, clinical features, sites of disease, and biopsy sites of patients.

![](10.1177_2058460120946719-table1)

  Case no.   Age   Sex   Clinical features                                               Sites of disease                                                   Biopsy site
  ---------- ----- ----- --------------------------------------------------------------- ------------------------------------------------------------------ ----------------------------
  1          57    F     Fever, weight loss, blurring of vison in right eye              Intracranial disease, spinal disease, and generalized adenopathy   Cervical lymph node
  2          67    M     Nasal obstruction with progressive loss of vision in left eye   Sino-nasal disease, orbital disease                                Right nasal mass
  3          20    M     Nasal obstruction, neck swelling                                Sino-nasal disease, nodal disease, skeletal involvement            Cervical lymph node
  4          13    M     Right cheek swelling                                            Sino-nasal disease, skeletal involvement                           Tibial shaft lesion
  5          36    M     Nasal obstruction, bilateral knee pain                          Sino-nasal disease, skeletal involvement                           Nasal cavity mass
  6          41    M     Nasal obstruction, right-sided proptosis                        Sino-nasal disease, intracranial disease                           Maxillary sinus
  7          28    M     Neck swelling                                                   Nodal disease                                                      Cervical lymph node
  8          32    F     Decreased vision, headache                                      Intracranial disease, spinal disease                               Sellar lesion
  9          29    M     Decreased vision in left eye                                    Intracranial disease                                               Sellar lesion
  10         45    M     Nasal obstruction, neck swelling                                Sino-nasal disease, intracranial disease, nodal disease            Nasal mass
  11         27    M     Fever, weight loss, neck swelling                               Nodal disease, skeletal involvement                                Cervical lymph node
  12         17    M     Right-sided neck swelling                                       Nodal disease                                                      Cervical lymph node
  13         19    M     Left-sided proptosis                                            Intracranial disease, orbital, sino-nasal disease                  Orbital mass
  14         60    M     Abdominal pain, weight loss                                     Nodal disease, skin involvement, pharyngeal nodal involvement      Retroperitoneal lymph node
  15         46    M     Swelling in the neck and groin                                  Nodal disease, skin involvement                                    Cervical lymph node
  16         52    M     Swelling in the neck                                            Nodal disease, skin involvement                                    Cervical lymph node
  17         17    M     Swelling in the neck                                            Nodal disease, skin involvement                                    Cervical lymph node
  18         18    M     Swelling in the neck, weight loss                               Nodal disease, pharyngeal disease                                  Cervical lymph node
  19         43    F     Left breast lump                                                Breast involvement                                                 Left breast mass

Imaging findings {#sec5-2058460120946719}
----------------

A comprehensive review of the imaging findings and disease pattern is presented in [Table 2](#table2-2058460120946719){ref-type="table"}. Sixteen patients had more than one site involved, while three presented with disease at a single site.

###### 

Imaging findings in all patients with Rosai-Dorfman disease.

![](10.1177_2058460120946719-table2)

  Case no.   Specific areas of involvement                                                                                                    Imaging features                                                                                                                                                                                         MRI signal                                                                                                                                                     CT features                                   FDG-PETfeatures
  ---------- -------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1          Sellar and suprasellar region, left lacrimal gland, cervico-medullary junction, supra- and infra-diaphragmatic lymphadenopathy   MRI of brain, head, and neck: left lacrimal soft tissue, sellar mass, cervical adenopathy CT: cervical, axillary, mediastinal, retroperitoneal, inguinal, and pelvic nodes                               T2W: hypointense lacrimal soft tissue, hypointense cervico-medullary junction and sellar massesT1W: isointense Post-contrast images: homogeneous enhancement   Homogeneous enhancementNo bony erosion        --
  2          Right nasal cavity, left orbit                                                                                                   MRI PNS: right nasal polyp with left orbital soft tissue                                                                                                                                                 T2W: hypointenseT1W: isointensePost-contrast images: homogeneous enhancement                                                                                   --                                            --
  3          Bilateral nasal cavities, bilateral cervical adenopathy, maxillary alveolus                                                      CT: polypoidal bilateral nasal masses, bilateral cervical lymphadenopathy, lytic lesion in the maxillary alveolus                                                                                        --                                                                                                                                                             Homogeneous enhancement No bony erosion       
  4          Bilateral maxillary sinuses, axial and appendicular skeleton                                                                     PET CT: FDG-avid masses in bilateral maxillary sinuses, multiple FDG-avid lytic skeletal lesions                                                                                                         --                                                                                                                                                             --                                            FDG-avid masses in bilateral maxillary sinuses, SUV~max~ = 5.5FDG-avid lytic skeletal lesions, SUV~max~ = 6.5
  5          Bilateral maxillary and ethmoid sinuses, right frontal sinus, bilateral humeri, radius, ulna, tibia, and femur                   PET CT: FDG-avid masses in bilateral paranasal sinuses, FDG-avid lytic skeletal lesions                                                                                                                                                                                                                                                                                                                               FDG-avid masses in bilateral paranasal sinuses, SUV~max~ = 11.45; FDG-avid lytic skeletal lesions (SUV~max~ = 15.88) noted in the medial condyle of the right femur
  6          All paranasal sinuses, right orbit                                                                                               MRI and CT PNS: soft-tissue masses in all paranasal sinuses, soft tissue in the right orbit                                                                                                              T2W: hypointenseT1W: isointenseDWI: restricted diffusionPost-contrast images: homogeneous enhancement                                                          Homogeneous enhancementNo bony erosion seen   --
  7          Supra- and infra-diaphragmatic lymphadenopathy                                                                                   PET CT: FDG-avid cervical, axillary, retroperitoneal, external iliac, and inguinal adenopathy                                                                                                            --                                                                                                                                                             --                                            Bilateral cervical and axillary nodes, max = 2.6 cm, SUV~max~ = 14.54Bilateral external iliac nodes, max = 2.2 cm, SUV~max~ = 9.66Bilateral inguinal, largest = 6.5 cm, SUV~max~ = 18.39
  8          Sellar, parasellar, and suprasellar region, bilateral temporal convexity, cervico-medullary junction, conus medullaris           MRI of the brain, spine: soft-tissue masses in the sella and parasellar regions, dural-based lesions along bilateral temporal convexities, dural-based spinal lesions CT: no other sites                 T2W: hypointenseT1W: isointensePost-contrast images: homogeneous enhancement                                                                                   --                                            --
  9          Sellar and parasellar region                                                                                                     MRI of the brain: sellar lesion compressing the optic chiasmaCT: no other sites                                                                                                                          T2W: hypointenseT1W: isointensePost-contrast images: homogeneous enhancement                                                                                   --                                            --
  10         All paranasal sinuses, bilateral nasal cavities, dural-based frontal mass, bilateral cervical adenopathy                         MRI PNS: sino-nasal masses, dural-based left frontal lesion. PET CT: FDG-avid bilateral cervical lymph nodes, soft-tissue masses in bilateral ethmoid sinuses, right maxillary sinus, and nasal cavity   T2W: hypointenseT1W: isointensePost-contrast images: homogeneous enhancement                                                                                   --                                            FDG-avid masses in ethmoid sinuses, right maxillary sinus and nasal cavity (SUV~max~ = 3.93), no bony erosion; FDG-avid bilateral cervical nodes, max = 2 cm, SUV~max~ = 3.49
  11         Supra- and infra-diaphragmatic adenopathy, right occipital condyle                                                               PET CT: FDG-avid cervical, axillary, mediastinal, retroperitoneal, mesenteric, pelvic, and inguinal nodes, FDG-avid lytic lesion in the occipital condyle                                                --                                                                                                                                                             --                                            FDG-avid lytic lesion in the right occipital condyle, SUV~max~ = 25.86; FDG-avid supra- and infra-diaphragmatic adenopathy, max = 3.2 cm, SUV~max~ = 30.28
  12         Unilateral cervical adenopathy                                                                                                   PET CT: FDG-avid right cervical nodal mass                                                                                                                                                               --                                                                                                                                                             --                                            FDG-avid right level II cervical nodal mass, max = 5.5 cm, SUV~max~ = 12.9
  13         Bilateral orbits, choroid plexus, maxillary and ethmoid sinuses                                                                  MRI of the brain and orbits: bilateral orbital soft tissue, maxillary and ethmoid soft-tissue masses, choroid plexus nodulesCT: no systemic disease                                                      T2W: hypointenseT1W: isointensePost-contrast images: homogeneous enhancement                                                                                   --                                            --
  14         Supra- and infra-diaphragmatic adenopathy, subcutaneous nodules, tonsillar and nasopharyngeal involvement                        CT, PET CT: FDG-avid cervical, axillary, mediastinal, and retroperitoneal adenopathy, subcutaneous soft-tissue nodule, tonsillar and nasopharyngeal wall thickening                                      --                                                                                                                                                             Homogeneous enhancement                       FDG-avid supra- and infra-diaphragmatic adenopathy, max = 2.9 cm, SUV~max~ = 19.30; FDG-avid subcutaneous deposit in right occipital region, SUV~max~ = 4.62; bilateral tonsils, SUV~max~ = 9.57; FDG-avid nasopharyngeal wall thickening, SUV~max~ = 17.09
  15         Supra- and infra-diaphragmatic adenopathy, subcutaneous nodules                                                                  PET CT: FDG-avid cervical, axillary, retroperitoneal, inguinal adenopathy, subcutaneous nodules                                                                                                          --                                                                                                                                                             --                                            FDG-avid supra- and infra-diaphragmatic adenopathy, max = 3.7 cm, SUV~max~ = 12.5; FDG-avid subcutaneous soft-tissue nodules, SUV~max~ = 8.5
  16         Supra- and infra-diaphragmatic adenopathy, subcutaneous nodules                                                                  PET CT: FDG-avid cervical, axillary, mediastinal, retroperitoneal, mesenteric, and inguinal adenopathy, subcutaneous nodules                                                                             --                                                                                                                                                             --                                            FDG-avid supra- and infra-diaphragmatic adenopathy, max = 4.7 cm, SUV~max~ = 13.8; FDG-avid subcutaneous soft-tissue nodules, SUV~max~ = 6.3
  17         Supra-diaphragmatic adenopathy, subcutaneous nodule                                                                              PET CT: FDG-avid cervical and axillary adenopathy, subcutaneous nodule in the right nape of neck                                                                                                         --                                                                                                                                                             --                                            FDG-avid supra-diaphragmatic adenopathy, max = 3.8 cm, SUV~max~ = 6.3; FDG-avid subcutaneous soft-tissue nodules, SUV~max~ = 8.85
  18         Supra-diaphragmatic adenopathy, nasopharyngeal wall thickening                                                                   PET CT: FDG-avid left cervical adenopathy, nasopharyngeal wall thickening                                                                                                                                --                                                                                                                                                             --                                            FDG-avid supra diaphragmatic adenopathy, max = 2.8 cm, SUV~max~ = 18.6; FDG-avid nasopharyngeal thickening, SUV~max~ = 13
  19         Left breast mass                                                                                                                 Mammography, USG: left breast massPET CT: no disease elsewhere                                                                                                                                           --                                                                                                                                                             --                                            FDG-PET CT: no systemic disease

CT, computed tomography; DWI, diffusion-weighted imaging; FDG, fluorodeoxyglucose; MRI, magnetic resonance imaging; PET, positron emission tomography; PNS, paranasal sinuses; SUV, standardized uptake value; SUV~max~, maximum SUV; T1W, T1-weighted; T2W, T2-weighted; USG, ultrasonography.

### Intra-cranial disease {#sec6-2058460120946719}

Five patients (26.3%) with RDD had intracranial involvement; of which three patients presented with sellar/suprasellar masses, two had dural-based lesions along the cerebral convexity. The dural-based intracranial lesions were located along the temporal and frontal convexities. The sellar/suprasellar masses ([Fig. 1](#fig1-2058460120946719){ref-type="fig"}) were seen to compress the optic chiasma. No perilesional edema, intralesional calcification, or hemorrhage was seen. There was no evidence of bony erosion or hyperostosis. No enhancing dural tail was seen. One patient presented with choroid plexus involvement, in the form of enlargement and intense contrast enhancement of the choroid plexus in the occipital horns of bilateral lateral ventricles ([Fig. 2a and b](#fig2-2058460120946719){ref-type="fig"}).

![MR images from case 9. (a) Coronal T2-weighted MR image showing a hypointense lesion in the suprasellar region and left cavernous sinus (blue arrow) compressing the optic chiasma (blue arrowhead). (b) On the pre-contrast axial T1W image, the lesion appears isointense (blue arrow) and shows intense homogeneous enhancement on post-contrast T1W images (c, blue arrow). MR, magnetic resonance; T1W, T1-weighted.](10.1177_2058460120946719-fig1){#fig1-2058460120946719}

![MR images from case 13. (a) Axial T2-weighted MR image showing enlargement of the choroid plexus in bilateral lateral ventricles; these lesions appear hypointense (blue arrows). (b) On the post-contrast axial T1W image, they reveal homogeneous enhancement (orange arrows). (c) Pre-contrast axial T1W images in the same patient show isointense soft-tissue masses in bilateral maxillary sinuses (blue asterisks) and (d) homogeneous post-contrast enhancement (blue asterisks). There is associated para-osseous soft tissue along the maxillary sinuses (c, yellow asterisks) showing homogeneous post-contrast enhancement (d, yellow asterisks). MR, magnetic resonance imaging; T1W, T1-weighted.](10.1177_2058460120946719-fig2){#fig2-2058460120946719}

### Orbital disease {#sec7-2058460120946719}

Four patients (21%) presented with orbital involvement ([Fig. 3](#fig3-2058460120946719){ref-type="fig"}), three with unilateral disease and one with bilateral involvement. One patient had unilateral disease involving the lacrimal gland ([Fig. 3c](#fig3-2058460120946719){ref-type="fig"}). MRI in this case revealed left lacrimal gland enlargement showing hypointense signal on T2-weighted (T2W) images and intense homogeneous enhancement. Two patients had unilateral intraconal soft-tissue masses, encasing the optic nerve. One patient had bilateral orbital masses in the extraconal compartment.

![MR images from case 2. (a) Axial T2W MR image showing a markedly hypointense lesion in the left orbit (blue arrow). It involves the intraconal compartment and encases the optic nerve. (b) Homogeneous enhancement on post-contrast T1-weighted images (blue arrow). (c) Axial T2W MR image showing enlargement of the left lacrimal gland, which reveals a hypointense signal (blue arrow). MR, magnetic resonance; T2W, T2-weighted.](10.1177_2058460120946719-fig3){#fig3-2058460120946719}

### Spinal lesions {#sec8-2058460120946719}

There were 2 (10.5%) cases of spinal involvement. Both of these presented with dural-based nodules at the cervico-medullary junction causing cervical cord/brainstem compression ([Fig. 4](#fig4-2058460120946719){ref-type="fig"}). One patient also had similar dural-based lesions at the L4 vertebral level and along the conus medullaris. No involvement of the vertebrae or spinal cord was seen.

![MR images from case 1. Coronal T2-weighted MR image showing a dural-based markedly hypointense lesion at the cervico-medullary junction causing cord compression (blue arrow) showing homogeneous post-contrast enhancement (b, blue arrow). (c, d) An enhancing dural-based lesion is also seen at the L4 vertebral level on post-contrast T1-weighted images (blue arrows). MR, magnetic resonance.](10.1177_2058460120946719-fig4){#fig4-2058460120946719}

### Sino-nasal disease {#sec9-2058460120946719}

Seven patients (36.8%) had RDD involving the paranasal sinuses and nasal cavities ([Fig. 5a and b](#fig5-2058460120946719){ref-type="fig"}). Imaging revealed homogeneously enhancing soft-tissue masses occupying bilateral maxillary, frontal, and ethmoidal sinuses showing uptake of FDG. One patient presented with diffuse para-osseous soft tissue along the bones of the anterior and middle cranial fossa, including the crista galli, body, greater and lesser wings of sphenoid, and pterygoid plates ([Fig. 2c and d](#fig2-2058460120946719){ref-type="fig"}).

![FDG-PET and CT images from case 11. (a, b) Bilateral maxillary sinus soft-tissue masses (b, yellow asterisks), showing uptake of FDG (a, blue asterisks). No bone destruction is seen. An FDG avid lesion is seen in the left occipital condyle (a, blue arrow) which appears as a lytic lesion on the CT image (b, yellow arrow). (c, d) FDG-PET images from case 4 show uptake of FDG in bilateral femora (c, blue arrows) and tibiae (d, blue arrows). CT, computed tomography; FDG, fluorodeoxyglucose; PET, positron emission tomography.](10.1177_2058460120946719-fig5){#fig5-2058460120946719}

### Osseous lesions {#sec10-2058460120946719}

Four patients (21%) presented with skeletal lesions ([Fig. 5c and d](#fig5-2058460120946719){ref-type="fig"}). Two of these had multiple sites of disease, involving the axial as well as appendicular skeleton. PET-CT images revealed well-defined, lytic lesions showing FDG avidity. Two patients had solitary bone involvement with lytic lesions in the maxillary alveolus and occipital condyle, respectively ([Fig. 5a and b](#fig5-2058460120946719){ref-type="fig"}).

### Tonsillar and nasopharyngeal disease {#sec11-2058460120946719}

One patient (5.2%) presented with tonsillar involvement. CT neck revealed bilateral tonsillar enlargement along with diffuse neck lymphadenopathy. FDG-PET revealed hypermetabolism in bilateral tonsils. Two patients (10.5%) presented with FDG-avid nasopharyngeal soft-tissue/wall thickening ([Fig. 6a and b](#fig6-2058460120946719){ref-type="fig"}).

![FDG-PET images from case 14. (a, b) A soft-tissue mass is seen occupying the nasopharynx (b, blue arrow), which shows avidity on FDG-PET images (a, blue arrow). (c, d) Non-contrast CT images from case 15 show tiny subcutaneous nodules in the anterior abdominal wall (blue arrows). CT, computed tomography; FDG, fluorodeoxyglucose; PET, positron emission tomography.](10.1177_2058460120946719-fig6){#fig6-2058460120946719}

### Cutaneous disease {#sec12-2058460120946719}

Four patients (21%) had skin involvement in the form of subcutaneous soft-tissue nodules in the occipital region, anterior chest, and abdominal wall ([Fig. 6c and d](#fig6-2058460120946719){ref-type="fig"}); all of these were FDG-avid.

### Lymph nodal disease {#sec13-2058460120946719}

Eleven patients (57.8%) with RDD had lymph node enlargement. All of these presented with supra-hyoid nodal enlargement which included cervical, retro-pharyngeal, occipital, and intra-parotid nodes: eight bilateral and three unilateral. Six patients additionally had infra-diaphragmatic adenopathy. The nodes showed homogeneous enhancement on CT images. No necrosis was seen. FDG-PET images were available for six patients; all of these revealed avidity on FDG-PET images ([Figs. 7a](#fig7-2058460120946719){ref-type="fig"}, b, d, e, and 8).

![FDG PET and MR images from case 1. (a, b) Enlarged cervical lymph nodes are seen bilaterally on non-contrast-enhanced CT images (a, blue arrows) showing avidity on FDG-PET images (b, blue arrows). Enlarged lymph nodes are also seen in the retroperitoneum on non-contrast-enhanced CT images (c, blue arrows), showing avidity on FDG-PET images (d, blue arrows). CT, computed tomography; FDG, fluorodeoxyglucose; MR, magnetic resonance; PET, positron emission tomography.](10.1177_2058460120946719-fig7){#fig7-2058460120946719}

![FDG-PET pre- and post-therapy images from case 11. (a, b) FDG-avid enlarged mesenteric and retroperitoneal nodes are seen (a, blue arrows), which reveal a decrease in FDG avidity on post-therapy images (b, blue arrows). FDG, fluorodeoxyglucose; PET, positron emission tomography.](10.1177_2058460120946719-fig8){#fig8-2058460120946719}

### Breast mass {#sec14-2058460120946719}

One patient (5.2%) presented with a painless swelling in the left breast, gradually increasing in size over a period of two months. Mammography revealed a spiculated mass measuring 3 cm in the upper outer quadrant. On ultrasound correlation, it appeared as a solid, hypoechoic lesion with angular margins at the 3 o'clock position. It was assigned a category of ACR-BIRADS 5 and an excision biopsy was performed, which revealed extra-nodal RDD ([Fig. 9](#fig9-2058460120946719){ref-type="fig"}). No other sites of disease were seen on FDG-PET study.

![Mammography and ultrasonography images from case 19. (a, b) Left mammogram reveals a high-density spiculated mass in the upper outer quadrant (blue arrows). (c) On ultrasound correlation, a predominantly hypoechoic lesion with angular margins with no internal vascularity was seen (blue asterisks).](10.1177_2058460120946719-fig9){#fig9-2058460120946719}

Pathology {#sec15-2058460120946719}
---------

Histopathologic examination revealed abundant histiocytes in a sinusoidal pattern, surrounded by ample lymphocytes ([Fig. 10](#fig10-2058460120946719){ref-type="fig"}). Emperipolesis was observed in 11 (57%) patients.

![(a) Photomicrograph showing H&E-stained sections of RDD in the breast (50× magnification). (b) The native duct-lobular units (\*) are masked by the overwhelming lympho-histiocytic infiltrates (200× magnification). Inset shows histiocytes with engulfed lymphocytes and plasma cells without any evidence of destruction (emperipolesis), one instance marked in circle (400× magnification). (c) H&E-stained sections of RDD involving bone (50× magnification). The bone marrow is replaced by the diffuse histiocytic proliferation which shows (d) emperipolesis (200× magnification) and (e) H&E-stained sections of RDD involving the cheek (50× magnification). (f) Note the prominent spindling of the histiocytes along with emperipolesis. H&E, hematoxylin and eosin; RDD, Rosai-Dorfman disease.](10.1177_2058460120946719-fig10){#fig10-2058460120946719}

Discussion {#sec16-2058460120946719}
==========

RDD has a variety of imaging manifestations. We found that majority of our patients had more than one site of involvement, whereas only a few had a single site involved. Thus, the diagnosis of RDD at one site should prompt the treating physician to look for other sites as well ([@bibr1-2058460120946719],[@bibr3-2058460120946719]).

The most frequent presentation in the present study was painless cervical lymphadenopathy, which concurs with the original description of the disease ([@bibr1-2058460120946719],[@bibr3-2058460120946719]). All cases with lymphadenopathy presented with enlarged cervical lymph nodes, which were bilateral in the majority of cases. This finding is consistent with the original description of the disease ([@bibr1-2058460120946719]). Axillary, retroperitoneal, and pelvic/inguinal lymph node enlargement are less frequent compared to cervical adenopathy ([@bibr1-2058460120946719],[@bibr3-2058460120946719][@bibr4-2058460120946719][@bibr5-2058460120946719]--[@bibr6-2058460120946719]). Enlarged lymph nodes in RDD reveal homogeneous enhancement on CT images and hypermetabolism on FDG-PET images ([@bibr3-2058460120946719],[@bibr7-2058460120946719]), seen in all our cases. Post-therapy FDG-PET images were available in four cases and revealed a decrease in uptake of FDG on post-therapy images, implying that FDG-PET imaging could have a potential role in monitoring response to therapy in RDD ([@bibr8-2058460120946719]). Several conditions closely mimic the diagnosis of RDD, primarily those presenting with generalized lymphadenopathy such as lymphoma, Kikuchi disease, and multicentric Castleman's disease ([@bibr9-2058460120946719][@bibr10-2058460120946719]--[@bibr11-2058460120946719]). The differentiation from lymphoma may not be possible on imaging, as both conditions present with multiple nodes that appear discretely enlarged or with soft-tissue masses, showing variable degree of FDG avidity depending on the histological type ([@bibr9-2058460120946719]). Kikuchi disease usually presents with unilateral cervical lymphadenopathy and the lymph nodes are reported to be smaller in size compared to those in lymphoma and RDD ([@bibr10-2058460120946719]). CT imaging often reveals nodal necrosis and peri-nodal infiltration in Kikuchi disease; these features could aid in differentiating this condition from RDD ([@bibr10-2058460120946719]). Certain varieties of Castleman's disease, such as the plasma cell variety, do not show hyper-enhancing nodes as classically described ([@bibr11-2058460120946719]). Instead, they present with generalized lymphadenopathy and may mimic RDD. However, associated imaging features include the presence of hepato-splenomegaly, ascites, and pleural or pericardial effusion, which are not usually seen in RDD ([@bibr11-2058460120946719]).

The central nervous system (CNS) is an atypical site of disease, with a reported occurrence in \< 5% of cases of RDD ([@bibr1-2058460120946719]). In 70% cases of CNS-RDD, the disease is restricted to the brain or spinal cord and is not accompanied by lymphadenopathy ([@bibr4-2058460120946719],[@bibr12-2058460120946719]). In intracranial RDD, the usual sites of disease are the cerebral convexities, cavernous sinuses, the suprasellar region, and petro-clival regions ([@bibr4-2058460120946719],[@bibr12-2058460120946719],[@bibr13-2058460120946719]). In most cases, a solitary lesion is seen, but multiple intracranial masses have also been reported ([@bibr14-2058460120946719]). The sella, suprasellar, and parasellar regions were the most frequent site of CNS disease in the present study. In all cases of intracranial RDD in the present study, the masses were hypointense on T2W images showing homogeneous, intense post-contrast enhancement, also reported by other investigators ([@bibr15-2058460120946719]).

The intra-cranial form of RDD closely mimics neoplasms such as meningiomas, lymphomas, and dural-based metastases, and granulomatous disorders such as sarcoidosis to name a few. We attempted to identify certain imaging features that could aid this differentiation. The signal intensity of meningiomas on T2W images has been reviewed and it has been observed that about 50% of meningiomas appear isointense, 40% appear hyperintense, and only 10% appear hypointense to the brain parenchyma ([@bibr16-2058460120946719]). We found that this could serve as a point of differentiation from the dural-based lesions of RDD, as the majority of these lesions appear markedly hypointense on T2W images, an observation noted by us and by other investigators ([@bibr13-2058460120946719],[@bibr15-2058460120946719]). The lesions in the present study revealed uniformly low signal intensity on T2W images without calcifications or hemorrhage, confirmed on imaging and pathology specimens. It is believed that the hypointense signal on T2W images could occur secondary to free radical production during phagocytosis; necrotic and fibrotic changes could further contribute to the low signal intensity. Thus, low signal on T2W images favors more of an inflammatory or lymphoproliferative lesion rather than a meningioma ([@bibr13-2058460120946719],[@bibr17-2058460120946719]). The absence of bone destruction or hyperostosis and lack of hypervascularity on angiography could also aid the differentiation ([@bibr13-2058460120946719]).

Hypointensity in meningiomas on T2W images is usually secondary to the presence of calcifications, which reveals blooming on GRE/SW images. This feature has never been reported in RDD; suggesting that the presence of calcifications could prelude the diagnosis of intracranial RDD ([@bibr18-2058460120946719]). Primary dural lymphomas may be difficult to distinguish from the dural-based lesions of RDD. The presence of associated features such as plaque-like thickening of the meninges, early invasion of the underlying brain, and bone erosion may serve as clues to the diagnosis ([@bibr19-2058460120946719]). Diffusion-weighted imaging may not aid differentiation from lymphoma as restricted diffusion may be encountered in RDD as well due to dense fibrosis within the lesions, limiting movement of water molecules ([@bibr18-2058460120946719]).

Dural-based metastases usually appear hyperintense on T2W images, unlike the lesions of RDD which tend to appear hypointense ([@bibr20-2058460120946719]). Dural-based lesions of neuro-sarcoidosis serve as close differentials of RDD, owing to the occurrence of a T2W hypointense signal in both conditions. However, the presence of non-contiguous dural enhancement is a feature of dural sarcoidosis which is not seen in RDD ([@bibr21-2058460120946719]). Moreover, the posterior fossa is reported to be commonly involved in dural sarcoidosis ([@bibr22-2058460120946719]), unlike in RDD.

Orbital involvement in RDD is frequently unilateral with associated lymphadenopathy ([@bibr23-2058460120946719]); however, most patients with orbital involvement in the present study did not have associated lymphadenopathy. These patients did in fact have paranasal soft-tissue masses in addition to orbital disease, which could provide a valuable clue to the diagnosis of RDD. Orbital lesions generally appear as infiltrative soft-tissue masses with variable contrast enhancement, involving the lacrimal gland, or intraconal or extraconal compartments ([@bibr23-2058460120946719],[@bibr24-2058460120946719]). There is a paucity of available literature on the MRI features of orbital RDD. In our series, it was observed that all orbital lesions had a hypointense signal on T2W images and majority were unilateral. These features have not been reported before and could provide useful clues to the diagnosis. The differential diagnosis of an invasive orbital soft tissue generally includes idiopathic orbital inflammation, lymphoma, granulomatous polyangiitis, sarcoidosis, and IgG4-related disease ([@bibr23-2058460120946719][@bibr24-2058460120946719]--[@bibr25-2058460120946719]). Idiopathic orbital inflammation is more commonly associated with inflammation of the surrounding soft tissues in the form of enhancement of the periorbital soft tissues, infiltration of the pre septal fat, which is infrequent in orbital RDD ([@bibr26-2058460120946719]). The presence of bone destruction is more commonly seen in cases of lymphoma and granulomatous polyangiitis and is rare in patients with RDD. Low signal intensity on T2W images is also seen in inflammatory conditions such as idiopathic orbital inflammation, sarcoidosis, and IgG4-related disease, making differentiation difficult, whereas a hyperintense signal could suggest a malignant disease process ([@bibr27-2058460120946719]). IgG4-related disease may be difficult to differentiate from RDD due to an overlap of imaging manifestations and sites of involvement. Generalized lymphadenopathy as well as sino-nasal masses, though infrequent, may be encountered in IgG4-related disease on imaging. Nevertheless, certain clues on imaging may aid this differentiation, such as the presence of salivary gland enlargement often in association with bilateral lacrimal involvement, features characteristically seen in IgG4-related disease rather than in RDD ([@bibr28-2058460120946719]).

Choroid plexus involvement was an unusual feature encountered by us. Choroid plexus involvement of RDD is an extremely rare occurrence that has been reported only in a few cases ([@bibr29-2058460120946719],[@bibr30-2058460120946719]). Even so, RDD should be included as a diagnostic differential in cases with enhancing dural-based masses with associated choroid plexus enlargement showing avid enhancement ([@bibr30-2058460120946719]). These features may help to differentiate these lesions from other commonly encountered choroid plexus masses such as papillomas, meningiomas, or granulomatous or inflammatory lesions ([@bibr30-2058460120946719]).

Spinal involvement in RDD is uncommon, manifesting as extramedullary dural--based lesions in most cases ([@bibr4-2058460120946719]). Most lesions present as homogeneous, iso to hypointense masses on T2W images with or without perilesional edema, a presentation that closely mimics meningiomas ([@bibr31-2058460120946719],[@bibr32-2058460120946719]). Distinction from this more commonly occurring imaging abnormality usually requires histologic confirmation. Rarely, the presence of bone hyperostosis may enable the differentiation ([@bibr32-2058460120946719]).

The paranasal sinuses constitute the most frequent extra-nodal site of involvement of RDD, manifesting as polypoid masses, with a predilection for the maxillary and ethmoid sinuses ([@bibr33-2058460120946719]). The abnormal soft-tissue masses show homogeneous contrast enhancement and increased activity on FDG-PET ([@bibr34-2058460120946719]), seen in all our cases. Bone erosion is infrequent in RDD, also noted by us as none of our patients presented with bone erosion ([@bibr3-2058460120946719]). This may aid differentiation from sino-nasal malignancies.

Cutaneous involvement is reported to be the second most common extra-nodal site of involvement of RDD, after paranasal sinuses and is reported in 9% of patients with RDD ([@bibr4-2058460120946719]). However, purely cutaneous RDD is rare because it usually occurs in conjunction with systemic disease, also observed by us ([@bibr35-2058460120946719],[@bibr36-2058460120946719]). In the present study, cutaneous involvement manifested as subcutaneous nodules that were detected incidentally on CT imaging and were FDG-avid. It is essential to identify subcutaneous lesions on imaging, as multifocal soft-tissue disease is a predisposing factor for recurrence, compared to solitary disease ([@bibr35-2058460120946719]).

Osseous lesions are seen in 5%--10% of all cases of RDD ([@bibr4-2058460120946719]). These usually occur in conjunction with lymphadenopathy or systemic involvement, as seen in all our cases, serving as a clue to the diagnosis. However, isolated skeletal involvement has also been reported, though extremely rare ([@bibr37-2058460120946719]). These are often multifocal, usually presenting as lytic intramedullary lesions ([@bibr38-2058460120946719]), as seen in the present study. Periosteal reaction and calcifications are typically absent; however, cortical destruction may occur ([@bibr39-2058460120946719],[@bibr40-2058460120946719]). FDG avidity was seen on PET imaging; follow-up FDG-PET after therapy revealed decreased uptake at these sites. The top differential diagnoses for such bone lesions are Langerhans cell histiocytosis and lymphoma in children as well as metastases, multiple myeloma, and lymphoma in adults ([@bibr40-2058460120946719]).

RDD of the breast is a rare occurrence, with patients classically presenting with painless, palpable, breast masses ([@bibr41-2058460120946719]), also seen in the present study ([Fig. 9](#fig9-2058460120946719){ref-type="fig"}). Mammography may reveal a high-density, lobulated mass with circumscribed or ill-defined margins. On ultrasound, they appear hypoechoic with indistinct or angular margins, showing variable vascularity ([@bibr42-2058460120946719]). The presence of a perilesional echogenic halo can be regarded as a suspicious feature of malignancy ([@bibr43-2058460120946719]). In our patient, the mass had spiculated margins on mammography, making it indistinguishable from a primary breast malignancy. The diagnosis was ultimately confirmed on histopathology.

In conclusion, RDD is a rare histiocytic disorder with multisystem involvement manifesting with a broad spectrum of imaging findings. Lymphadenopathy is the most common imaging features and can be isolated, disseminated, or combined with extra-nodal involvement. Extra-nodal disease comprises discrete nodular or mass-like lesions that can affect any part of the body but has a predilection for the head and neck. Considering the likelihood of multifocal involvement, the recognition of RDD at one site necessitates screening for other sites of disease. Awareness of the protean imaging manifestations of RDD could enable clinicians to consider this rare disease as a diagnostic differential in patients with multisystem involvement. Identification of characteristic imaging features can provide a valuable clue to the diagnosis of RDD and aid its differentiation from its mimics. Nevertheless, the definitive diagnosis of RDD should be multidisciplinary and must include a holistic analysis of clinical presentations, imaging manifestations, and histopathologic findings.
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